Longitudinal studies have found that male adolescents who deal drugs, associate with delinquent peers, and engage in aggressive behavior are at increased risk for carrying a gun (between-individual risks). However, it is unclear whether changes in these risk factors help to explain fluctuations in youth gun carrying across adolescence (within-individual risks). The current study examined this issue using a community sample of 970 adolescent males (58% Black, 42% White) assessed annually from ages 14 to 18. Multilevel models examined the extent to which between-individual differences and withinindividual changes in drug dealing, peer delinquency, aggressive behavior, and neighborhood disadvantage were associated with gun carrying across adolescence. Each of these predictors, except for disadvantage, exerted a between-individual and within-individual influence for Black youth. For White youth, drug dealing was significant on both levels, peer delinquency was a significant between-individual predictor, and aggression was a significant within-individual predictor. Neighborhood disadvantage did not significantly predict gun carrying in the model, on either the between-or within-individual level, for Black or White youth. These results stress the importance of examining race-specific predictors of gun carrying among Black and White adolescents and point to drug dealing as a robust predictor of gun carrying, at both the between-individual and within-individual levels for youth of either race. Efforts to prevent drug market involvement and reduce aggressive behaviors in adolescence may in turn prove useful for preventing firearm violence.
Gun violence is a serious public health issue, particularly among Black adolescent males living in impoverished communities within the United States (Bushman et al., 2016; Hemenway & Miller, 2013) . Given the significant emotional and financial costs of gun violence, it is important to better understand what time-stable factors place adolescent males at a relatively higher risk for gun carrying in general, as well as determine the changing life circumstances that may drive youth to carry guns at different points during adolescence. Previous research has already characterized many between-individual characteristics that distinguish youth who are at high risk for gun carrying (e.g., see Lizotte, Krohn, Howell, Tobin, & Howard, 2000) . However, we have yet to identify the dynamic factors within an adolescent's life that increase their likelihood of carrying a firearm, which is critical for identifying potential causal factors and creating interventions designed to keep known gun carriers from continuing to engage in this dangerous behavior.
Previous research has generally examined between-individual risk factors for gun carrying, including drug dealing, associating with delinquent peers, aggressive behavior, and neighborhood disadvantage (Lizotte et al., 2000; Vaughn et al., 2012) . One major limitation of these analyses is that some of the observed associations could be accounted for by confounds, selection effects, and preexisting risk factors. Indeed, some between-individual factors may be associated with gun carrying, but the mechanism may be spurious or noncausal (e.g., confounding variables, such as temperament). Within-individual models overcome many of the limitations of between-individual models and are designed to approximate causal inferences because they control for unobserved heterogeneity and time-stable effects of confounding variables (Allison, 2009) . For example, peer delinquency might be associated with gun carrying because individuals who affiliate with delinquent peers also might be more likely to carry guns, consistent with self-selection and between-individual effects. However, a single individual who increases (or decreases) his exposure to delinquent peers might demonstrate relatively little or no change, or a decrease, in his likelihood of carrying a gun during the same period (i.e., within-individual associations). The latter explanation is more consistent with a potential causal pathway between peer delinquency and gun carrying, whereas the former is more consistent with a correlational association. Therefore, the betweenindividual factors that delineate adolescents at risk for gun carrying may be fundamentally different from those that help explain within-individual changes in adolescent gun carrying over time.
Critically, many of the typical techniques for analyzing longitudinal data (e.g., structural equation modeling, generalized estimating equations) combine between-and within-individual effects; disentangling them requires models that explicitly disaggregate between-and within-individual variance. However, existing longitudinal studies that have attempted to examine causal or within-individual associations have reported the amalgam of between-and within-individual effects, without separating the two (Berry & Willoughby, 2017; Curran & Bauer, 2011; Hoffman & Stawski, 2009; Neuhaus, 2001) . As a result, it is unclear to what extent changes in these risk factors are associated with changes in gun carrying across adolescence. By pooling between-and within-individual effects and thus implicitly assuming they are equivalent, previous studies may have committed the ecological fallacy (Berry & Willoughby, 2017; Curran & Bauer, 2011; Neuhaus, 2001) . One example of the ecological fallacy comes from the literature on life expectancy in animals; although larger species animals tend to live longer on average than animals from smaller species, body mass is inversely related to life expectancy within any given species (Millar & Zammuto, 1983) . In other words, although whales tend to live longer on average than dogs, a larger dog will tend to have a shorter life span than a smaller dog, on average.
In the hypothetical example noted above regarding peer delinquency, engaging with delinquent peers may be associated with a higher risk for gun carrying on the between-individual level, because youth with greater antisocial tendencies may be both more likely to affiliate with delinquent others and to carry a gun. However, within-individual increases in peer delinquency could theoretically lead to decreases in gun carrying; for example, if a youth would normally carry a gun for protection but feels adequately protected when spending time with delinquent peerssome of whom may be carrying their own firearms-then peer delinquency could be negatively associated with gun carrying on a within-individual basis. Even if between-and within-individual associations are in the same direction, they are more commonly of different magnitudes rather than equivalent (Berry & Willoughby, 2017; Hoffman & Stawski, 2009) . Disaggregating these effects is the only way to test whether between-individual associations actually apply at the within-individual level and thus avoid committing the ecological fallacy. In the case of this paper, we tested for between-and within-individual associations of drug dealing, peer delinquency, aggression, and neighborhood disadvantage with gun carrying to see whether risk factors that differentiated gun carriers from noncarriers similarly characterized periods of gun carrying from non-gun-carrying periods within individuals.
Theoretical Models
In the literature examining gun carrying, two specific theoretical models that have been tested include the crime facilitation theory and the weapons effect theory. According to crime facilitation theory, individuals who engage in aggressive and delinquent behavior will be more likely to carry a gun, because it facilitates engaging in these behaviors, such as by encouraging victims' compliance and cooffenders' cooperation (Altheimer, 2010; Emmert, Hall, & Lizotte, 2018) . The weapons effect model, on the other hand, states that carrying a gun will make delinquency more likely, because individuals may feel more powerful when carrying a gun and may be more inclined to take advantage of available opportunities to engage in delinquency (Altheimer, 2010; Emmert et al., 2018) . Both of these models are informative for understanding theoretical reasons why gun carrying might be associated with other behaviors such as drug dealing and aggression but are not formally tested in the present article.
Background Research on Specific Risk Factors for Gun Carrying
Drug dealing. Cross-sectional and a handful of longitudinal studies have reported a link between drug dealing and gun carrying (Emmert & Lizotte, 2015; Lizotte et al., 2000; Lizotte, Tesoriero, Thornberry, & Krohn, 1994) , such that youth who deal drugs are more likely to carry guns than nondrug dealers. However, it is unclear whether drug dealing and gun carrying are related because one causes the other, or because both are caused by another third variable or are symptoms of a general antisocial predisposition.
One study using a longitudinal sample of urban adolescents found that within-person changes in weapon carrying were associated with a substantial increase in substance-related offending (Emmert et al., 2018) . However, this study had several limitations. Only general measures of weapon carrying were used in the context of within-individual change, and only about a third of weapon carriers in the study were carrying guns. Therefore, although results provided evidence that gun carrying specifically was associated with substance-related offending, those findings could not speak to whether changes in gun carrying behavior would correspond to changes in substance-related offending. In addition, the authors conceptualized substance-related offending as both the sale and use of drugs, making it impossible to determine the exact nature of the relationship between drug selling and gun This document is copyrighted by the American Psychological Association or one of its allied publishers.
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carrying. This study also did not examine whether associations varied by race and did not control for important time-varying confounding variables, such as peer delinquency (Emmert et al., 2018) . In another study examining intraindividual variation in drug selling and violent behaviors, dealing drugs was significantly associated with serious violence, attacking with a weapon, and throwing objects at people, but not with general violence, hitting someone to hurt them, being involved in a gang fight, or forcibly taking money (Phillips, 2012) . Therefore, it is still unknown whether youth are specifically more likely to carry a gun during times when they are dealing drugs (i.e., within-individual risk). In theory, a within-individual association makes sense because adolescents who deal drugs may carry firearms to thwart off robbery attempts, defend their turf and supply from rivals, and/or threaten troublesome competitors and clients (Blumstein, 1995; Lizotte et al., 2000) . In line with this logic, an adolescent may discontinue carrying a gun when he stops dealing drugs because it is no longer a necessary tool.
Peer delinquency. Adolescents who affiliate with delinquent peer groups and join gangs tend to own and use guns at higher rates (Lizotte et al., 1994; Watkins, Huebner, & Decker, 2008; Williams, Mulhall, Reis, & DeVille, 2002) , although there is some evidence that this relationship may be stronger in early adolescence and may be attenuated with age (Lizotte et al., 2000) . Similar to the explanation offered previously for drug dealing, youth who generally tend to affiliate with delinquent peers might be more likely to carry guns because both are features of a general antisocial predisposition. More antisocial or delinquent youth both self-select into delinquent peer groups and choose to carry a gun, consistent with self-selection and between-individual effects. However, individuals might also be more likely to carry a gun when they start affiliating with more delinquent peers (i.e., a within person effect), particularly after accounting for betweenperson differences in antisocial predisposition.
Previous studies modeling within-individual change have reported that individuals are more likely to commit violent crimes when they associate with more delinquent peers (Fergusson, Swain-Campbell, & Horwood, 2002) or are involved in a gang (Gordon et al., 2004) . One study of juvenile justice-involved males found that within-individual increases in peer delinquency were related to a subsequent increased likelihood of carrying a gun . Consistent with social influence models of gun carrying, delinquent peer group affiliation could be a causal factor for gun carrying because delinquent peers may directly model or encourage gun carrying, or they might increase access to illegal gun markets (Beardslee, Docherty, Mulvey, Schubert, & Pardini, 2018; Lizotte et al., 1994) . Delinquent peer groups may also spend time in dangerous environments where crime and violence are more likely to occur, which could cause youth to carry a gun for self-protection or to support other criminal behavior (Lizotte et al., 1994 (Lizotte et al., , 2000 Wilkinson, McBryde, Williams, Bloom, & Bell, 2009) .
Aggressive behavior. Previous research indicates that aggressive behavior is significantly associated with gun carrying among adolescents (Vaughn et al., 2012; Webster, Gainer, & Champion, 1993; Williams et al., 2002) . In one study of African American high school students, frequency of fighting in 9th grade was significantly related to greater odds of carrying a gun from ninth through 12th grade (Steinman & Zimmerman, 2003) . Other studies with predominantly Hispanic (Dijkstra et al., 2010) and more heterogeneous (i.e., predominantly White, African American, or Hispanic) samples (Simon, Crosby, & Dahlberg, 1999) have found that aggression is significantly related to gun carrying among high school students. Results from these studies are consistent with the conceptualization of aggression as a personality trait, such that youth with higher levels of aggression would be more likely to carry a gun simply because gun carrying is a symptom of aggression, which is a marker of an antisocial predisposition.
Previous research has not tested whether within-individual changes in aggression over time are also associated with changes in gun carrying over time. Carrying a gun may make it easier to engage in aggressive behavior (e.g., by providing a weapon to threaten people with, or by arming oneself against retaliation by victims) so that when youth are more aggressive, they may be more inclined to carry a gun. Thus, although we know that youth with a propensity to act aggressively may be more likely to carry a gun, we do not know whether youth are specifically more likely to carry a gun during times when they are more aggressive. The current study addresses this limitation of the current literature by including within-individual change in aggressive behavior, in addition to between-individual differences in aggression (i.e., antisocial predisposition).
Neighborhood disadvantage. Youth in more disadvantaged neighborhoods may be more inclined to carry a gun for protection or retaliation, or due to cultural norms around guns, violence, law enforcement, and respect, a set of values known collectively as "the code of the street" (Allen & Lo, 2012; Molnar, Miller, Azrael, & Buka, 2004; Stewart & Simons, 2006) . Guns may also be more available and visible in more disadvantaged neighborhoods, providing youth in these neighborhoods with greater access to firearms (Cook & Ludwig, 2004; Fagan & Wilkinson, 1997 . However, much of the research in this area has been at the macro level (e.g., predicting neighborhood or city gun violence rates) or cross-sectional in nature. Although they have not focused on gun carrying specifically, studies that have examined the impacts of moving to neighborhoods with lower poverty levels have indicated that violent crime might decrease after participants move (Sciandra et al., 2013) , although results have been somewhat mixed (see Gennetian et al., 2012) . Therefore, neighborhood disadvantage and gun carrying might be associated because they are both indicators of how embedded a youth is in a violent or disenfranchised social context (Halliday-Boykins & Graham, 2001 ), or because neighborhood disadvantage specifically leads to changes in gun carrying.
Race Differences in Gun Carrying
A number of previous studies have found race differences in rates of gun carrying, such that non-White youth tend to report gun carrying at higher levels than White youth (DuRant, Krowchuk, Kreiter, Sinal, & Woods, 1999) . In one study using data from the Youth Risk Behavior Survey, 2.1% of Whites and 4.6% of nonWhites reported ever carrying a gun to school, and these race differences persisted in a model that adjusted for gender and substance use (DuRant et al., 1999) . There are also race differences in the strength of associations between predictors and gun carrying, consistent with a differential sensitivity model of race differThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ences (Fite, Wynn, & Pardini, 2009; Pardini, Fite, & Burke, 2008) . In one national sample, although selling drugs was significantly associated with handgun carrying for White and Black youth, the magnitude of the association was greater for Black (OR ϭ 6.76) than for White (OR ϭ 3.07) youth (Vaughn et al., 2012) . Interestingly, one study that found higher rates of gun carrying among Black adolescent boys than White boys also found that racial differences in gun carrying were reduced after controlling for conduct problems and peer delinquency in early childhood (Beardslee, Docherty, et al., 2018) . White and Black youth may differ in their gun carrying because they tend to live in socioeconomically distinct neighborhoods (Adelman, 2004) and have qualitatively different experiences in the illegal drug trade (Blumstein, 1995 (Blumstein, , 2006 Blumstein & Rosenfeld, 2008; Fellner, 2009 ) and exposure to delinquent peers. In fact, there are a number of studies examining the associations between neighborhood disadvantage, race, and violence. Some of this work has indicated that neighborhood characteristics can explain the race gap in violence (Bellair & McNulty, 2005; Kaufman, 2005; McNulty & Bellair, 2003) . Although a number of these studies have supported the racial invariance hypothesis, indicating that disadvantage might operate similarly as a risk factor for Black and White youth (see Peterson & Krivo, 2005 for a review of this research), more recent work has acknowledged how race and neighborhood factors are confounded, and that there is often little overlap in distributions of neighborhood disadvantage by race (Benson, Wooldredge, Thistlethwaite, & Fox, 2004; McNulty, 2001; Peterson & Krivo, 2005) . In studies that find a stronger influence of disadvantage for White than for Black youth, it is unclear whether this association has to do with race specifically, or whether it has to do with the diminishing impact of increases in disadvantage (i.e., a ceiling effect) at the higher levels of disadvantage experienced by Black youth (McNulty, 2001) .
Even in situations where White and Black youth live in similar neighborhoods, Black youth often face additional strains related to discrimination and segregation that White youth do not experience in the same way (Lo, Howell, & Cheng, 2013; Peterson & Krivo, 1999) . Thus, given the disparate experiences of Black and White youth in the U.S., risk factors for gun carrying might operate differently depending on race; in particular, risk factors may be more salient for Black youth relative to White youth. However, we will also test the possibility that risk factors are more strongly associated with carrying a gun for youth who come from more disadvantaged neighborhoods; in other words, whether disadvantage more accurately captures risk susceptibility compared with race.
Limitations of Prior Work
Previous research examining the association between risk factors and gun carrying predominantly consists of cross-sectional studies, which are unable to assess change in these behaviors over time or control for important time-varying confounders. Furthermore, the longitudinal work on gun carrying primarily comes from one sample: the Rochester Youth Development Study (RYDS; Emmert et al., 2018; Lizotte et al., 1994 Lizotte et al., , 2000 . The RYDS is a diverse sample of predominantly Black (69%), Hispanic (17%), and White (14%) youth. However, none of the longitudinal studies have examined moderation by race or used multilevel models to specifically examine the extent to which drug dealing, peer delinquency, and aggression are intraindividual risk factors for gun carrying. Therefore, it is still unknown to what degree these are time-stable risk factors for gun carrying (i.e., predicting who will carry a gun), or whether changes in these behaviors are associated with changes in gun carrying (i.e., predicting when someone will carry a gun). It is also unclear how these associations might vary for Black and White youth, and whether any racial differences would be accounted for by differences in neighborhood disadvantage. Answering these research questions could help support gun violence prevention efforts by identifying which youth may benefit from such interventions and identifying windows of opportunity to maximize effectiveness.
Goals and Hypotheses
In this study, we examined whether drug dealing, peer delinquency, aggressive behavior, and neighborhood disadvantage were associated with gun carrying among a sample of adolescent males in the community who were interviewed annually from age 14 to 18. We also disaggregated within-individual effects from betweenindividual effects and included interactions with race and neighborhood disadvantage, to determine whether either factor moderated these associations.
We hypothesized that drug dealing, peer delinquency, aggressive behavior, and neighborhood disadvantage would be associated with higher odds of gun carrying, both on the between-and within-individual levels. Therefore, youth who are more likely to deal drugs, associate with delinquent peers, engage in aggressive behavior, and live in more disadvantaged neighborhoods would be more likely to carry guns than youth who have lower average scores on these variables, in part because drug dealing, affiliation with delinquent peers, aggressive behavior, and neighborhood disadvantage are all correlates of an antisocial lifestyle orientation. In addition, any individual youth will be more likely to carry a gun when he is dealing drugs, associating with a greater number of delinquent peers, engaging in a greater number of aggressive behaviors, or has moved to a more disadvantaged neighborhood. In line with crime facilitation theory, each of these behaviors or conditions would make carrying a gun more enticing, as it can assist in the commission of delinquent behaviors. We also hypothesized that the within-individual associations will be weaker in magnitude than the between-individual associations, because they are on a different scale and have their own statistical power, and the within-individual associations are controlling for all time stable between-individual differences (Berry & Willoughby, 2017) . Finally, we hypothesized that all of the associations would be stronger among Black youth relative to White youth, and among more disadvantaged youth relative to less disadvantaged youth, in line with previous work in this area.
Method Participants and Procedures
Data for the current study came from 1,009 boys (55.1% Black, 41.1% White, 3.8% other) in the youngest and oldest cohorts of the Pittsburgh Youth Study (Loeber, Farrington, & Stallings, 2011) . We chose to incorporate data from both cohorts in order to maxThis document is copyrighted by the American Psychological Association or one of its allied publishers.
imize power for multilevel longitudinal analyses (Berry & Willoughby, 2017) . The participants were initially randomly selected from a list of students enrolled in the first (youngest cohort) and seventh (oldest cohort) grades in Pittsburgh public schools in [1987] [1988] . Students enrolled in classes for severe intellectual and physical disabilities were not eligible for the study. A screening assessment was conducted on the initial sample of boys enrolled in each grade, which involved collecting parent and teacher report, as well as boys' self-report, of the boys' conduct problems (e.g., fighting, stealing). Parental consent rates for the screening assessment were high for the youngest and oldest cohorts (84.6% and 83.9%, respectively). The high-risk portion of the longitudinal sample came from boys who scored in the upper 30th percentile on the screener within each grade (youngest cohort: N ϭ 256; oldest cohort: N ϭ 257). An approximately equal number of boys were randomly selected for longitudinal follow-up from those scoring below the 70th percentile (youngest: N ϭ 247; oldest: N ϭ 249). At screening, boys in the youngest cohort (age: M ϭ 6.96 years, SD ϭ 0.55) and oldest cohort (age: M ϭ 13.38, SD ϭ 0.79) were predominantly living with their biological mother (95% and 92%, respectively), and approximately half had a biological father living in the home (42% and 44%, respectively). In both the youngest and oldest cohorts, approximately one fifth of the mothers (20.6% and 22.8%, respectively) living in the home had not graduated from high school. The proportion of families with no employed parental figure in the oldest and youngest cohorts was 14.5% and 12.0%, respectively. Boys in the follow-up sample (N ϭ 1,009) were not significantly different from the screening sample (N ϭ 1,705) in terms of race, family composition, and parental education and employment (Loeber, Farrington, Stouthamer-Loeber, & White, 2008) . More detailed information on demographic characteristics by cohort can be found in Table S1 in the online supplemental material.
Following screening, the boys in the youngest cohort were interviewed every 6 months for 4 years from mean ages 7 to 10, followed by nine annual assessments from mean ages 11 to 20, and two follow-up assessments in adulthood when participants were, on average, ages 26 and 29. Following screening, the boys in the oldest cohort were assessed every 6 months for 30 months from mean ages 13 to 15, then annually for 10 years from mean ages 16 to 26, and again in adulthood when they were, on average, age 36. For the current study, we combined data from the two cohorts by aligning assessments according to participant age at the time of the interview, resulting in overlapping annual assessments from age 14 to 18. Combining the two cohorts by overlapping the data by age is commonly done with PYS to increase statistical power, particularly when examining lower base rate outcomes (e.g., see Bechtold, Hipwell, Lewis, Loeber, & Pardini, 2016) . We focused on this age range because it provides the greatest amount of overlap between the two cohorts, base rates of gun carrying and drug dealing were extremely low prior to age 14 (only 14 White youth and 37 Black youth carried a gun prior to age 14), gun carrying data was limited prior to age 14 (11% of White and 19% of Black youth did not have data on gun carrying prior to age 14), and carrying a handgun is illegal and an automatic felony charge at these ages. Data for the current study were collected from 1987 to 1995 for the oldest sample, and from 1993 to 2001 for the youngest sample. All study procedures were reviewed and approved by the University of Pittsburgh Institutional Review Board.
Measures
Race. Because the youth in this sample were largely Black (55.1%) or White (41.1%), we created a dichotomous measure of race indicating whether a youth was Black (1; N ϭ 578) or White (0; N ϭ 421). The remaining 10 participants (seven Asian, two Hispanic, and one American Indian) were excluded from the analysis.
Gun carrying. As part of the Self-Report of Delinquency scale (SRD; Elliott, Huizinga, & Ageton, 1985) , youth were asked to indicate the number of times they had carried a hidden weapon during each recall period (1 year or 6 months), as well as the most dangerous weapon that they had carried within the recall period (with a gun being the most dangerous). A binary variable was created at each wave indicating whether or not youth reported carrying a gun during the recall period (1 ϭ carried a gun; 0 ϭ no gun carrying). For biannual assessments where a participant was the same age in years (e.g., 14.3 and 14.8) at two consecutive assessments, the maximum value across the two assessments was used.
Drug dealing. On the SRD, youth were asked whether they had dealt drugs during each recall period, and a dichotomous measure of drug dealing prevalence was created by coding 1 for youth who reported any drug dealing and 0 for youth who reported that they did not deal drugs. For biannual assessments where a participant was the same age in years at two consecutive assessments, the maximum value across the two assessments was used.
Peer delinquency. Youth completed the 15-item Peer Delinquency Scale (Loeber, Farrington, Stouthamer-Loeber, & Van Kammen, 1998) at each assessment. For each item, participants rated how many of their friends engaged in a specific delinquent act (e.g., destruction of property, burglary, aggravated assault) over the last year using a five-point scale, ranging from 0 (none of them) to 4 (all of them). Interitem reliability was acceptable to good across included phases for both the youngest (Cronbach's ␣s ϭ .88 -.93) and oldest (␣s ϭ .88 -.94) cohorts. The scale score was the sum across all items. For biannual assessments where a participant was the same age in years at two consecutive assessments, the values from both assessments were averaged. We then created a z score based on the grand mean, pooling across all observations for all participants.
Aggressive behavior. Youth completed the 19-item aggressive behavior problem scale of the Youth Self Report (YSR; Achenbach, 1991) at each age. Youth rated how well each item (e.g., "You threaten to hurt people") described him on a three-point Likert scale, ranging from 0 (not true) to 2 (very true or often true). The scale score was computed by summing items. Interitem reliability was acceptable for the youngest cohort (␣s ϭ .80 -.88) and acceptable to good for the oldest cohort (␣s ϭ .84 -.91) for the included phases. If a participant was the same age in years at two consecutive assessments, the values from both assessments were averaged. We then created a z score based on the grand mean.
Neighborhood disadvantage. For the purposes of this study, we defined neighborhoods as Census tracts, a definition that other studies on neighborhood disadvantage have employed (Benson et This document is copyrighted by the American Psychological Association or one of its allied publishers.
al. , 2004; Lauritsen & White, 2001) . Four neighborhood-level variables were used to create an index of neighborhood disadvantage: proportion of female-headed households; proportion of households receiving welfare; proportion unemployed; and proportion of families below the poverty level. This index is similar to what has been used in similar research (Benson et al., 2004; Lauritsen & White, 2001; McNulty, 2001) , and had high interitem reliability for both the youngest (␣s ϭ .90 -.93) and oldest (␣s ϭ .89 -.93) cohort for the included phases. If a participant was the same age in years at two consecutive assessments, the indicators were averaged across assessments. We then calculated the index by averaging the standardized indicators at each age, and then grand mean standardizing the index at each age.
Data Analysis
Because we were interested in the influences of each risk factor on gun carrying both within and between individuals, we ran a multilevel mixed-effects logistic regression model. This model is similar to multilevel models where individuals are clustered within schools or neighborhoods, except with longitudinal data there are repeated observations clustered within each individual. This model simultaneously addresses complementary policy questions by predicting which individuals are most likely to carry guns, as well as the question of why certain individuals are more likely to carry a gun in some years than others. Importantly, all time-invariant and preexisting differences between individuals (e.g., inherited risk, temperament) are controlled for in the estimation of within-individual effects in these models (Allison, 2009) , as within-individual models exclusively focus on factors that change within individuals. These models are based on the following multilevel model (shown in reduced form):
where y ti is the outcome y assessed at multiple time points t for each individual i; z ti is a time-varying predictor (e.g., drug dealing) assessed at time t for individual i; ␥ 00 and ␥ 10 are the overall mean intercept and slope; u 0i is the individual-specific deviation from the intercept; and r ti is the time-and individual-specific residual. To disaggregate stable between-individual effects (referred to as Level 2 effects) from time-varying within-individual effects (referred to as Level 1 effects), we deviated each time-varying predictor from its time-stable mean:
where ż ti represents the person-mean-centered time-varying predictor, z ti is the observed predictor in its observed metric (drug dealing) or a z score based on the grand mean (peer delinquency, aggression) at a time point t for an individual i, and z i represents the person-specific mean for individual i. Because preliminary analyses indicated that the outcome and predictors significantly varied with age, we included age as a covariate and estimated a random effect (v i ) for the association of age with gun carrying. We chose this method of accounting for age trends based on recommendations in the literature (Wang & Maxwell, 2015) . The models also estimate a random effect (u i ) for the intercept of gun carrying, as well as a covariance between the intercept random effect and the age slope random effect.
The model included main effects of age (centered at the mean, age 16), cohort, and race, as well as between-and withinindividual effects for drug dealing, peer delinquency, aggression, and neighborhood disadvantage. Because peer delinquency, aggression, and neighborhood disadvantage were grand meancentered, the intercept is interpreted at the grand mean of those variables, and for each variable the coefficient is interpreted at a 1-standard deviation increase for that variable. Between-and within-individual effects were simultaneously estimated by including person-level means (x i ) and time-specific deviations from those means (͑x it Ϫ x i ͒), respectively, for each risk factor. We also examined whether the associations between the risk factors and gun carrying varied by race and between-person neighborhood disadvantage by running three additional interaction models: one where between-and within-level aggression, peer delinquency, and drug dealing interacted with race, one where they interacted with the person-means of neighborhood disadvantage, and another where both the race and disadvantage interactions were included. All models were conducted in Stata 14 (StataCorp, 2015) .
Missing Data
Missing data was low across all assessment waves. There were 970 participants with at least one observation during the time period selected (including 558 Black and 412 White youth). Each individual contributed 4.5 observations, on average, out of a possible 5 time points (75% had valid data for all 5 time points; 13% had valid data for 4 time points; 4% had valid data for 3 time points; 5% had valid data for 2 time points; and 3% had valid data for only 1 time point). Black (3%) and White (2%) youth were equally likely to be dropped from the estimation sample for having missing data, 2 (1) ϭ 1.51, p ϭ .22. The 39 individuals who were dropped from analyses were also not significantly different from the estimation sample on a number of measures assessed at screening, including high-risk status (p ϭ .29), family socioeconomic status (p ϭ .62), and number of biological parents in the home (p ϭ .58). Parent-and teacher-reported externalizing problems on the Child Behavior Checklist and Teacher Report Form were similar across groups (p Ͼ .17). Table 1 displays descriptive statistics for study variables by age and race. There were 216 (22%) youth out of 970 who reported carrying a gun at least once from ages 14 to 18. The highest prevalence of gun carrying across these ages occurred at age 18 for Black youth and at age 17 for White youth. There were 307 (32%) out of 970 youth who reported dealing drugs at one or more assessment waves. Drug dealing increased with age and aggressive behavior slightly declined with age, whereas peer delinquency peaked at age 16. Black youth had higher mean levels of neighborhood disadvantage than White youth, and larger standard deviations, at every age. In fact, at each age roughly 95% of White youth had a disadvantage z score that was below 0 (i.e., below the grand mean), compared with about 33% of Black youth at each age. T tests at every age comparing mean neighborhood disadvantage by race confirmed that Black youth had significantly greater This document is copyrighted by the American Psychological Association or one of its allied publishers.
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neighborhood disadvantage scores at each age (all ps Ͻ .001; Cohen's d ranged from 1.29 to 1.48). Neighborhood disadvantage also had a higher intraclass correlation (ICC; 0.78) than did drug dealing (ICC ϭ 0.33), peer delinquency (ICC ϭ 0.46), and aggression (ICC ϭ 0.67). Table 2 presents the frequencies of drug dealing and gun carrying by race. White youth were more likely than Black youth to deal drugs 0 years (p Ͻ .001), whereas Black youth were more likely than White youth to report dealing drugs 1 or 2 years (p Ͻ .001). Similarly, White youth were more likely than Black youth to carry a gun 0 years (p Ͻ .001), whereas Black youth were more likely than White youth to report carrying a gun 1 (p Ͻ .001), 2 (p ϭ .01), or 4 (p ϭ .04) years. Table 3 displays the odds ratios (ORs) and confidence intervals (CIs) for the model with main effects only, as well as the model with race interactions, the model with neighborhood disadvantage interactions, and the model with both race and disadvantage interactions entered simultaneously. In the main effects model, there were significant and positive main effects of person-level means of dealing drugs, peer delinquency, and aggression, as well as race, such that Black youth carried guns more than White youth. Cohort and person-means of neighborhood disadvantage were not significant in this or any other model. Wald tests indicated significant differences between the coefficients for drug dealing, peer delinquency, and aggression, such that drug dealing had a stronger effect size than peer delinquency (p Ͻ .001), which had a stronger effect size than aggression (p Ͻ .001). In the second model, race significantly interacted with all three coefficients, such that between-individual levels of drug dealing (p ϭ .03) and aggression (p ϭ .04) were stronger predictors of gun carrying among Black youth, and between-individual levels of peer delinquency were stronger predictors of gun carrying among White youth (p Ͻ .01).
Between-Individual Effects
The drug dealing interaction indicated that each additional year a youth dealt drugs was associated with greater odds of gun carrying for both White and Black youth, but the association was stronger for Black youth. Youth who dealt drugs for one year had significantly greater odds of gun carrying than youth who never dealt drugs, for both Black (OR ϭ 2.50, p Ͻ .001) and White (OR ϭ 1.78, p Ͻ .001) youth. The difference in odds became greater for youth who dealt for 2 years compared with youth who never dealt drugs, for both Black (OR ϭ 6.27, p Ͻ .001) and White (OR ϭ 3.16, p Ͻ .001) youth. The between-individual peer delinquency interaction with race indicated that the stable person-level of peer delinquency was more strongly associated with gun carrying among White youth (OR ϭ 5.94, p Ͻ .001) compared with Black youth (OR ϭ 2.30, p Ͻ .001). In contrast, the betweenindividual interaction of aggression and race indicated that person- Note. N ϭ valid cases for each variable. Percentages are based on total number of participants in each race group (558 Black, 412 White). This document is copyrighted by the American Psychological Association or one of its allied publishers.
level aggression was significantly associated with gun carrying among Black youth (OR ϭ 1.62, p Ͻ .01), but not among White youth (OR ϭ 0.94, p ϭ .77). Neighborhood disadvantage did not significantly interact with any of the between-individual effects in models three or four, and in model four the race by aggression interaction became nonsignificant (although aggression was still significant for Black youth and not White youth). The coefficient for the main effect of race in models two and four indicated that there were no differences in gun carrying between Black and White youth who did not deal drugs, holding all other predictors constant. However, the interaction of race with the between-level effect of drug dealing indicates that among youth who dealt drugs, there was a significant difference, such that Black youth were more likely to carry a gun than White youth at each level of drug dealing.
Within-Individual Effects
In the first model, with only main effects, there were significant effects for within-individual changes in drug dealing, peer delinquency, and aggression (all ps Ͻ .001), as well as for age (p Ͻ .01), but not for neighborhood disadvantage in this or any other model. For this model, Wald tests indicated a stronger effect size for drug dealing compared with aggression (p Ͻ .001), which had a stronger effect than peer delinquency (p ϭ .05). Perhaps more importantly, Wald tests indicated that most of the withinindividual associations were of a different magnitude than their between-individual counterparts. Specifically, the betweenindividual effect of dealing was stronger than the within-individual effect of dealing (p Ͻ .001), the between-individual effect of peer delinquency was stronger than the within-individual effect of peer delinquency (p Ͻ .001), and the within-individual effect of aggression was stronger than the between-individual effect of aggression (p ϭ .02). These Hausman tests, or contextual effects, indicate the need to disaggregate between-and within-individual associations, as they do not operate on the same order of magnitude. In contrast, the between-and within-individual associations of neighborhood disadvantage with gun carrying were not significantly different from each other (p ϭ .38), and neither of them exerted a significant main effect on gun carrying.
There were also significant interactions with changes in peer delinquency and aggression in models two and three. In model two, these interactions indicated that within-individual changes in peer delinquency (p ϭ .02) and aggression (p ϭ .02) each interacted with race. Specifically, changes in peer delinquency were associated with increases in gun carrying for Black youth (OR ϭ 1.76, p Ͻ .001), but not for White youth (OR ϭ 1.11, p ϭ .52), whereas changes in aggression were more strongly associated with gun carrying for White youth (OR ϭ 3.71, p Ͻ .001) than for Note. The reference group for race is White. CI ϭ confidence interval; LL ϭ lower limit; UL ϭ upper limit; cov ϭ covariance; 2 ϭ variance.
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Black youth (OR ϭ 1.75, p Ͻ .01). The disadvantage interactions in model three indicated that peer delinquency was a stronger predictor of gun carrying at higher levels of neighborhood disadvantage, whereas aggression was a stronger predictor of gun carrying at lower levels of neighborhood disadvantage. However, in the final model with all interactions included, there were no longer significant interactions for either race or disadvantage with the within-individual changes in peer delinquency or aggression (although changes in peer delinquency remained significant for Black youth and nonsignificant for White youth).
Discussion
In this study, we found that drug dealing was a significant between-and within-individual risk factor for both Black and White youth and had a stronger effect size than other predictors in the model, indicating a robust association between drug dealing and gun carrying. In addition, peer delinquency operated as a between-individual risk factor and aggression was a withinindividual risk factor for both races. These findings are important because they suggest that although aggression can explain between-individual differences in gun carrying (i.e., because youth with an antisocial predisposition might be more aggressive and also more likely to carry a gun), fluctuations in aggression over time can also explain why youth choose to carry guns at some times and not at others. Although neighborhood disadvantage was not significantly associated with gun carrying and did not interact with the other predictors, including the disadvantage interactions in the model did impact interactions with race, such that withinindividual changes in peer delinquency and aggression were no longer significantly different for Black and White youth.
Consistent with prior research, between-individual differences in drug dealing and peer delinquency were significantly associated with differences in gun carrying across race and levels of disadvantage. Youth who are more likely to deal drugs and interact with delinquent peers may be more inclined to carry a gun, as these are manifestations of an overall antisocial lifestyle. Interestingly, aggression only operated as a between-individual risk factor for gun carrying among Black youth, and drug dealing was a stronger between-individual risk factor for gun carrying among Black youth, although peer delinquency was a stronger betweenindividual risk factor for gun carrying among White youth. Therefore, it could be that aggression and drug dealing are stronger markers of antisocial propensity among Black youth, although peer delinquency is more indicative of antisocial propensity among White youth. These interactions remained significant, even when including interactions with neighborhood disadvantage. These risk factors help to inform which youth might benefit most from gun violence prevention programs.
Importantly, within-individual changes in drug dealing and aggression were associated with increased risk for gun carrying for both White and Black youth. When youth are selling drugs or acting more aggressively, they may be more likely to carry a gun (e.g., to defend their turf or supply, to threaten others) compared with times when they are not engaged in these behaviors. However, peer delinquency only operated as a within-individual risk factor among Black youth, not White youth. It could be that the mechanism underlying the association between peer delinquency and gun carrying operates differently for Black and White youthfor example, carrying a gun may confer more status onto Black youth among their delinquent peers than it does for White youth. Or it could be that peer delinquency is qualitatively different for White and Black youth-Black youth might be more likely to be involved in formal gang networks, or Black youths' delinquent peer networks might be embedded in neighborhoods with greater levels of disadvantage and violence and lower social control.
These results point to the need to disaggregate between-and within-individual effects rather than pooling them. For example, peer delinquency was a stronger between-individual factor for White youth compared with Black youth, yet played no role on the within-individual level for White youth. Peer delinquency might therefore be a marker of antisocial propensity for White youth, such that White youth who affiliate with delinquent peers may be at risk for other types of delinquent behavior, such as gun carrying. However, peer delinquency may not be a within-individual facilitation factor for White youth; in other words, when White youth interact with delinquent peers, they do not feel a greater need to carry a gun. It is possible that this is because white peer groups may be less likely to model and reinforce gun carrying, although the current data cannot speak to this potential explanation. In addition, aggression was not a significant between-individual predictor for White youth. Thus, White youth who are more aggressive on average are not necessarily more likely to carry a gun than less aggressive youth; however, during times when they are engaging in more aggressive behavior, they may be more inclined to carry a gun in order to carry out that behavior.
These findings are in line with studies showing that in multilevel models the Level 1 and Level 2 effects are not equivalent and can even contradict each other (Berry & Willoughby, 2017; Curran & Bauer, 2011) . They are also in line with the differential sensitivity model of race differences, in which risk factors can have differential associations with outcomes depending on race (Fite et al., 2009; Pardini et al., 2008) . Indeed, all of the risk factors were significant at both the between-and within-individual levels for Black youth, which was not the case for White youth, suggesting that Black youth may be differentially susceptible to gun carrying while engaging in these other behaviors. Importantly, there was no longer a significant main effect of race in the model that included interaction terms, suggesting that race differences in gun carrying may only appear among individuals who deal drugs, at average levels of the covariates. Unfortunately, we were not able to test whether neighborhood disadvantage operates similarly for White and Black youth, due to limited overlap in disadvantage between the two groups. Although this was the first study to our knowledge to demonstrate within-individual effects for drug dealing and aggression on gun carrying, results replicate prior work showing that changes in peer delinquency are associated with changes in gun carrying , and that changes in drug dealing and peer delinquency are associated with violent behaviors (Fergusson et al., 2002; Phillips, 2012) .
The within-person findings from multilevel models suggest that interventions that target risk factors for gun violence may be effective, as these predictors were associated with gun carrying at the same age. Efforts to reduce contacts with delinquent peers or build resistance to peer influence may have a strong impact on reducing gun violence among Black youth, whereas efforts to reduce aggression may have a strong impact on reducing gun violence among White youth, and efforts reducing drug dealing This document is copyrighted by the American Psychological Association or one of its allied publishers.
should be effective among both Black and White youth, according to the within-individual influences of these risk factors. These findings also support the crime facilitation and weapons effect theories. When Black youth interact with delinquent peers, and when either Black or White youth engage in drug dealing or aggressive behavior, they are more likely to carry a gun to facilitate risky behavior and possibly self-protection. Future research can work on untangling the temporal order of these behaviors to determine whether gun carrying occurs before (weapons effect) or after (crime facilitation) the other risk factors.
Limitations
The significant impacts of between-and within-individual levels of drug dealing indicate that drug market participants may be an effective target population for firearm violence prevention or reduction efforts, and that these efforts may target youth before early adolescence, as gun carrying seemed to largely begin around age 14 in the current sample. However, the current study is limited by the demographics of the sample; future research should determine whether these findings also apply to adolescent females, as well as to more high-risk samples, such as among justice-involved populations. Given the racial/ethnic composition of the sample in this study, these results do not generalize to youth of other racial/ethnic identities outside of Black and White, which is a widespread issue in the violence literature (Lauritsen & White, 2001; Peterson & Krivo, 2005; Ramirez, 2003) . These analyses also suffer from common method variance, as the predictors and outcome are all self-reported by youth, with the exception of disadvantage, which was not significant; however, self-report of drug dealing and gun carrying avoids racial biases in using official records of gun-or drug-related arrests (Beckett, Nyrop, & Pfingst, 2006; Beckett, Nyrop, Pfingst, & Bowen, 2005; Mitchell & Caudy, 2015) . Although we did not include a measure of victimization or school/ neighborhood safety, previous research has found inconsistent associations between these constructs and gun carrying, even when youth report carrying a gun for protection (Dijkstra et al., 2010; Johnson, Matthews, Jenks, & Bass, 2013; Watkins et al., 2008) . Although variables were measured concurrently in that they were assessed at the same recall period, they might not be strictly concurrent-in other words, youth might have both dealt drugs and carried a gun within the same 12-month period, but these behaviors might not have occurred simultaneously or even within the same week, month, and so forth. Finally, these data were collected from Pittsburgh public schools in the late 1980s to the early 2000s, and thus should be interpreted according to their geographical and historical context; however, there is no reason to believe that the associations among these behaviors have changed substantively over the years.
Future Directions
Future studies can incorporate additional time-varying covariates to test the robustness of these results. Subsequent studies could also benefit from incorporating an approach based on incidents or events, such as by asking youth about whether they specifically carry a gun while they are selling drugs. It will also be important to examine whether characteristics of drug dealing (e.g., the type or amount of substance, the location) differs by race, and whether these differences might account for race differences in the drug dealing-gun carrying association. Similarly, future research could investigate differences in peer delinquency and aggression by race, as these influences could differ qualitatively for White and Black youth (e.g., the age of delinquent peers, the types of aggression). The nature of the peer groups, or the contexts in which the peer groups operate, might be different for Black and White youth. We assessed peer delinquency instead of gang involvement; however, it could be that gang involvement is more strongly tied to gun carrying for Black youth versus White youth, or vice versa. The current study examined concurrent associations among variables measured at the same age, because crime facilitation and weapons effect theories indicate that gun carrying should coincide with drug dealing, aggressive behavior, and peer delinquency; however, future research might incorporate lagged models to determine temporal ordering (e.g., whether earlier gun carrying predicts later drug dealing, and vice versa). It may also be useful to examine transitions in and out of spells of drug dealing or gun carrying, or to use more fine-grained data (e.g., at recall periods shorter than 1 year).
Conclusions
Despite these limitations, the current study adds to the literature on risk factors for gun carrying in adolescence using a large sample followed for 5 years. The findings are in line with crime facilitation theory, which suggests weapon carrying and criminal behavior tend to go hand in hand (Emmert et al., 2018; Wright & Rossi, 1986) ; thus, when youth deal drugs, spend time with delinquent peers, or engage in aggressive behavior, they may be more inclined to carry a gun for protection and to carry out risky or antisocial behavior. The results of this study suggest that efforts to prevent gun violence among adolescents may benefit from focusing on youth at risk for other behaviors, such as drug dealing, aggressive behavior, and interacting with delinquent peers, in order to prevent gun carrying before it occurs, particularly before early adolescence.
